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ABSTRACT

Six types of plant materials, grass hay, wheat straw, pine needles, woods litter, corn
stalks and husks, and broomsedge grass clumps were compared in small plots as sites
for overwintering arthropods. Significant differences were found between numbers of
some insects in the materials, with the coccinellids primarily overwintering in the broom-
sedge clumps, while Staphylinids preferred Bermuda grass hay and wheat straw. Overall,
a limited number of important predaceous and phytophagous species were found in the
different materials. There were significant differences in the number of arthropods
depending upon where the materials were placed in relation to open field or field edges.

RESUMEN

Se compararon en parcelas pequefias seis tipos de materiales de plantas, heno de
pastos, paja de trigo, agujas de pino, rastrojo de arboles, cafa y chalas de maiz, y pasto
escoba de junco, como lugares de hibernacion de artropodos. Se encontraron diferencias
significativas entre los materiales en los numeros de algunos insectos, con los coccinelidos
hibernando primeramente en el pasto escoba de junco, mientras que los Staphylinidos
prefirieron el heno de pasto Bermuda y la paja de trigo. Sobretodo se encontro, un
numero limitado de predatores importantes y especies fitofagos en los diferentes
materiales, dependiendo del sitio donde se colocaron los materiales en relacion con un
campo abierto on con el margen del campo.

In temperate and cold climates, arthropods have evolved a number of strategies for
surviving the winter months. The habitats chosen by arthropods for overwintering are
quite variable but relatively specific for individual species. Some of the early work on
arthropod overwintering in the United States was done by Blatchley (1895) in Indiana
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and Holmquist (1926) in Illinois. They made detailed observations of individual species
and their location during the winter months. Rainwater (1941) listed several hundred
species of insects that were collected from samples of woods trash, Spanish moss, cotton
gin trash, and wild cotton. The majority of specimens were found in the woods trash
samples. Kirk & Taft (1970) identified 405 species of Coleoptera collected during the
winter in South Carolina from woods trash samples. These included 35 well-known crop
pests and over 100 species from families that are mostly predaceous. Jones and Sullivan
(1981) determined the overwintering sites and spring emergence patterns of 47 hemip-
terous species found in woods trash and open field habitats in South Carolina.

In Florida, Plagens & Whitcomb (1986) examined corn residues for overwintering
arthropods and found 24 species of spiders and 25 species of predaceous Coleoptera,
Hemiptera and Dermaptera. Magnolia leaf litter was found to provide overwintering
sites for a large number of arthropods in Pennsylvania, including 25 heteropterans such
as Lygus lineolaris (Palisot de Beauvois) and Nabis roseipennis Reuture (Wheeler &
Stimmel 1988). The overwintering behavior of the predaceous Coccinellidae has been
reviewed by Hagen (1962) and Hodek (1967).

There are numerous other articles in the literature on the overwintering habits of
specific arthropods, but few that deal with habitat conservation and man-made or pro-
vided habitats for overwintering arthropods. In England, a great deal of research has
been conducted on the relationship between winter crops, uncultivated areas, and
hedgerows on the occurrence and distribution of pest and predatory arthropods (van
Emden 1963, 1965, Lewis 1965, Sotherton 1984). Their efforts have shown direct relation-
ships between habitats and ensuing populations of arthropods.

In the United States, Tamaki & Halfhill (1968) used bands of sheet aluminum lined
with heavy paper and tarred burlap around the main branches of peach trees to provide
shelter for predators of the green peach aphid. They found that several species of
predators successfully used the bands for overwintering, but only a few pest insects
used the bands for shelter. In a similar experiment, Mizell & Schiffhauer (1987) tested
burlap bands, Coolpad* filters, layered cardboard and natural tree bark as overwintering
sites for predators in pecan orchards. They reported all of the habitat types were useful
for monitoring some arthropods but none appeared useful for augmenting overwintering
populations. In another study, Fye (1985) constructed traps of layered corrugated fiber-
board that effectively substituted for natural overwintering sites for some predators in
pear orchards.

The purpose of the present study was to determine if several native materials located
in field crop areas in South Carolina could serve as overwintering sites for arthropods
and to record the important species of predaceous and phytophagous arthropods that
were present in each type of material.

MATERIALS AND METHODS

A 6.9-ha field surrounded by largely undisturbed mixed deciduous and pine woodlands
on the Pee Dee Research and Education Center, Florence, South Carolina was chosen
for this study. The field is primarily used for experimental plots of cotton and tobacco
with areas of mixed weeds and grasses. In September 1987, 4 replicates of 6 different
plant materials—wheat straw, mixed deciduous woods litter, pine straw, Bermuda grass
hay, corn stalks and husks, and broomsedge plants (Andropogen virginicus L.) (8 plants/
plot—were installed in the middle (2 replicates) and along the SW side (2 replicates) of
the field. Each plot of plant materials within a replicate was assigned position at random
and separated by 4.5 m. Replicates were approximately 100 m apart in all directions.

Plant materials were piled to an approximate depth of 15 em, except for the broom-
sedge plants, which were 15-20 cm in base diameter and approximately 0.75 m tall when
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transplanted into the plots. No retaining barriers were used around the plots, but
frequent checks were made during the winter to ensure that the plots were not scattered
by animals or weather. The experiment was repeated in the same field in 1989-90, but
with 2 more replications of each plot added so that there were 3 plots of each of the 6
types of plant material in the middle of the field, and 3 plots along the SW edge of the
field. During both years the field was left fallow following erop harvest and removal of
the plot materials for examination. Plots were established between 22 June and 20
September, whenever the various materials were available or best suited for transplant-
ing (broomsedge).

During the period 27 January-8 March 1988 and 12 December 1989-1 March 1990,
the plant materials within each plot were collected down to bare soil, placed in cloth
bags, and brought into a field laboratory for examination. The plant materials were
examined on a steel-topped table underlayed with electric resistance heat coils that
maintained a temperature of approximately 44°C. Examination time varied tremendously
between the different materials due to the materials themselves and moisture content
when collected, but normally samples were held on the table until the material temper-
ature reached that of the table, and/or no further arthropods were found in the material.
All arthropods emerging or found alive in the materials were placed in 70% ethyl alcohol
until they could be identified. Plot materials were kept in the bags in a large walk-in
cooler maintained at 7+2°C until they could be examined. The arthropod collections
were sorted and identified to groups or common species, and the number occurring in
the various materials were compared using Fisher’s Protected LSD at P=0.05 after
data transformation using the formula V n+ 0.5. Data transformation was performed to
allow analysis between groups of arthropods that varied widely in numbers in the
different overwintering materials and locations. Major arthropod groups such as the
spiders, carabids, ete. were grouped for analysis and most species were not identified
to species unless indicated. Specimens identified to species are deposited in the collection
of Clemson University at the Pee Dee Research and Education Center, Florence, South
Carolina. Unless otherwise noted, all identifications were performed by the author.

RESULTS AND DISCUSSION

A great many arthropod species were found overwintering in the different plant
materials, and significant differences occurred between overall numbers of arthropods,
individual insect groups, species, and plot location. Since the purpose of the experiment
was to record the overwintering of predaceous and phytophagous arthropods of impor-
tance in field crops, many species observed were omitted from the results.

1987-88 Study

Interaction between the location and plant materials within the field affected the
numbers of arthropods, especially the coccinellids, Hippodamia convergens (Guerin-
Meneville) and Coccinella septempunctata (L), that overwintered in some plots. Broom-
sedge located in full-day sunlight held the largest number of overwintering H. con-
vergens, and total arthropods collected (due to the higher number of H. convergens
found) (Table 1). Plots located adjacent to the woods that received a half day or less of
sunlight consistently held less coccinellids than the fully exposed plots. Only a few H.
convergens were found in the other five types of plant materials, regardless of where
they were located. Coccinella septempuncata is an introduced species that became
established in the South Carolina Coastal Plain area in 1984 (personal observations).
This species also preferred broomsedge and was not found in any other materials except
pine straw.
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Other predaceous arthropods found in the plots are shown in Table 2. Coleomegilla
maculata (De Geer) occurred most frequently in broomsedge and only a few were found
in any of the other materials. The carabids were found in broomsedge and pine straw
more than the other materials except for woods litter. In previous surveys of undisturbed
woods litter Kirk & Taft (1970), and Rainwater (1941) reported 47 and 53 species of
carabids, respectively, as occurring in the Coastal Plain area of South Carolina. The
Staphylinids occurred significantly more often in Bermuda grass hay. This is another
large family with 50 species previously reported by Kirk & Taft (1970) and 37 species
by Rainwater (1941) from the Coastal Plain area. A few Scymnus beetles, primarily S.
loewii and 8. creperus were found overwintering in 3 of the plots, but numbers were
insignificant.

The spiders as a group were fairly evenly distributed among the plots, as were the
harvestmen (primarily Hadrobunus spp.), Geocoris, spp., and reduviids. Many of the
specimens of these groups collected except Geocoris, were immature, and species iden-
tifications were not attempted. A few phytophagous species of insects were found in
the plots, but none of the known crop nests were found in significant numbers in any
habitat (Table 3). This was somewhat unexpected since several species of pentatomids,
L. lineolaris, and many other phytophagous species are known to overwinter in woods
litter (Rainwater 1941). Only one rice stink bug, (Oebalus pugnax (Fabricius) and one
Thyanta custator (Fabricius) were taken from the plots (both from woods trash), and
no L. lineolaris were found in any of the materials. Crickets were found in all the
different plant materials but slightly more frequently in the pine straw, woods litter
and broomsedge.

Considering the total numbers of arthropods collected from the different plant mate-
rials, the broomsedge, primarily because of the large number of coccinellids, held the
highest number of overwintering arthropods, followed by the Bermuda grass hay. How-
ever, excluding broomsedge, the other 5 plant materials harbored similar numbers of
arthropods. Overall, the corn residues appeared to be the least attractive, since no
groups or species inhabited this residue in significantly greater numbers than the other
plant materials.

1989-90 Results

Interaction of location and plant materials occurred again in the 2nd year of the
study, but the number and species of insects involved were different (Table 4). Coccinella
septempunctate again showed distinely higher numbers in the unshaded broomsedge as
did Geocoris spp., L. lineolaris and the other miscellaneous Heteroptera. Hippodamia
convergens was present in much smaller numbers during 1989-90, but broomsedge con-
tained higher numbers than the other materials (Table 5). High variability between the
broomsedge locations is characteristic of this species since it aggregates in only a few
sedge clumps in a field area regardless of the number of apparently suitable sites avail-
able. Coleomegilla maculata was present in slightly higher numbers than in the previous
year of this study, and the broomsedge had significantly more beetles than the other
materials. The carabids as a group also showed similar distributions in the materials as
in 1987-88, with a fairly general scattering among the materials, Staphylinids were much
more generally distributed in 1989-90 than in 1987-88, and no clear site preferences were
noticeable. Scymmnus spp. oceurred in very low numbers during both years of the study
and were not numerous enough to compare differences in locations in 1989-90.

Spiders as a group were more numerous the second year of the study in all plots,
but little differences in number was noticeable except for a scarcity of spiders in the
corn residues. The same was true of the harvestmen, which was different from 1987-88
only in that broomsedge was also populated by similar numbers as the other materials.



549

tes

ring Si

Overwinte

Roach

-3npy] snnbrjqQo SLLISOLIS0D SILIPOLISYT
*sa109ds paxI;

*80UEIGIUSISUOU S3JEIIPUL 3139 ON "G00 = d Y& (IS'T PoI104 8 40yst,{ Suisn “Justagip APueogiusis J0u s0e s.199]9] SUres Aq Pamo[[o] Sueswi 40y 'G'0+ N A £q pauilojsues; eje( (S + SUBdI:

€0+80 €0+80 £0+80 L0o+¢1 70+6°0 Po+€1 ¢[IA99M J[qeI3o A
q0T+gc qe L'0+9°¢ q80+LT q60+8%2 B 60+8¢ qe ¢°'1+9°¢ (-dds snpfie) $393dLID
0°0+L°0 80+T1°1 T0+2'1 0°0+2L°0 €0+8°0 ¥o+01 S91399q BIL A
90+0°1 80+¥'¢ §0+L1 G0+L11 9°0+02 §'1+67% Riadorje-eeduey
sy[eIs 19014 MBS Aey MenS adpes sotadg
wio)) spoom TBOUM sseid ould uooag
snonpra( BpNULIdY

o1d w gxT Jod ‘N UBS]{

‘3861-L861 SuLinp s991s JuLojumiaAc se paptaoad feLajew juefd jo sad£} Juatsyyip 9 ur punoj spesur snoSeydoldyd ‘¢ A'1AVL



Florida Entomologist 74(4) December, 1991

550

-dds snxopopy -dds snuwfiog A[LreuILLy.

.

“Kapyorerq snuvpuoy 9 ‘Aeg s

wuapn -9 ‘Keg sadyound s109000),

18°0 = Duopdowo ] ST 420 = S10¥epaud DT 63°0 = SWOAT ‘OL'[ = 52409009 9] = DIIPUI00) 60" 0 = 18 S,ST UOTIRIONI UOHEIO[ X TGBH G0+ N A Aq PoULIOJSUB: BIe("AS F SUEI:

20760 00710 0'0FL0 0'0FL0 0°0FL0 0791 ou
0°0FL0 00FL0 20760 0°0FL0 0°0FL0 00720 sok +219)dOWOH SNOSUE[[RISTIY
0760 0'0FL0 0°0F2°0 0'0FL0 0°0FL0 0781 ou
0760 §0F6°0 00720 0°0FL0 0760 gOFIT sk #S107epaId SNoaUR[[ISI
0'0FL0 00FL0 0°0F L0 0°0FL0 0'0FL0 9'0F81 ou
0°06F20 0°0F20 0°0FL0 00720 0°0F2L0 0°0FL0 sof (g d) swmojouy) snbhirg
G078 0760 LOFTT g0F9°T eIFLT 03F9°¢ ou
0'0F L0 0°0FL0 0°0FL0 00FL0 00731 0°0FL0 sok z"dds sw0000)
0°0FL0 0°0FL0 20760 0°0FL°0 0°0FL0 G'gF6'G ou
00FL0 0760 00FL0 00FL0 0°0FL0 0°0F L0 sok vyvpoundwaydas 1)oud20)
SH[R)S BCullig Mens Aey MBIOS a3pes apeys sopadg
wio) spoom 1BOUM ssead aulg wooxg
snonpioa( epnuLeg

o1d wr ZxT J8d ‘0N U

*0661-6861 "UOBI0] PUB JejIqey £¢ PIIUSNFUL A3M UOTINILIISIP 9S0YM S[RLISYeU SULISJUIMISAO Jo Sad A7) JUSISIJIP 9 Ul punofs309su] ‘§ H{TAV.L



551

tes

ring si

Overwinte

Roach

“snuafooriaun siqoN pue “dds seppsopsydofy *-dds snjouanpoy AjLrewiid,
-(aoydjopueo)) sswep “I(f Aq peynuapr) sepieLder) souonid *-dds snunqo.popy.
's91oads POXII:

*3UETUSISUOU SJEIIPULISFIS] ON "G0"0 = d T8 (IS'T PI0R0aJ S JysL ] Suisn ‘JuaJagyip ApuedyuSis 0u a1e 519)19] aures Aq pomo[[oy suedw Moy "¢'0+ N A AQ pauLojsuet) eje (JS+ SUBSH

qe G'0F1'T q80FL0 qe 8°0+2'T q00%L0 q00+.L0 BPOFYI »IBPIqEN

70¥6°0 7O0F01 9'0%2'1 G0¥80 g0FT1 ¥0¥el 7S8nq uIssessy

60+1¢ TTI+¥'1 ST*772 6°0+072 G'1¥28% 6°'0+8%2 sUSUISOATEH

2 L0FLe qe L2¥e¥V 24 9°'1+G'€ BGIFTG BRIFGG 298 150V S1pldg

0'T+93 gOFFT  TIFVT [ S SI¥97 90F8'T Sprundydesg

2 0V0FE'T M TTFIT 29 90F1°¢ 24 607072 qe 8'1+¥8 B 90+¢¢ SPIqRIE])

q20%80 qQ00%L0 9q00FL0 q 00%L0 q990%60 B 8eFVY (9-Q) vyvmovUL DILIUL0370)

7'0+60 G'0¥80 0°0FL0 €0¥6°0 é0+80 9Y+3¢ (-D) suabipauod viuppoddrf

SH[®IS BCuuli| MBIIS Aey Meng a3pes sopadg
wio)) spoom OYM sserd aulg wooxg

snonproa( epnuLeyg

3opd w gx1 1od "ON uBey

‘0661-6861 SuLmnp so1Is FulUIMIDA0 se poplaoid [eLiejew juefd Jo sod£} Juatagip 9 ul punoj spodoayiie snovoepaid ¢ HTIV.L



Florida Entomologist 74(4) December, 1991

552

“Snpy snnbrjqo sus04IS00 SAUBPOLSYT,

“dds snssyg “dds snsshy.sy S-dds snauapouyosy “dds S&Q;S\Ewem .a_.ﬁwc:.ﬁ ‘dds pexTy:

-dds PuojoyuDdy 1 Sdds fiyoosg 1 ‘xeudnd snreqeQ 1 ‘-dds vaprunogy 11 “dds ppuvfiy g g,

*0URYIUSISUOU SIYRITPULIOIA] ON "G0"0 = d T8 (IS PII0RN0L] 5 Joysy,] Sumsn ‘Juatagfip bﬁauu:&.m J0U 2Je 519713 Sures Aq pomofoy suesur MOY "GO+ N A 4q pauLiojsuer) Bl (S F SUBI.

26°0%99 29 8'¢F9°L 94 6218 qQ¥Vi*96 9B g¢+¢o0l B 9'6¥3El spodoayyare ejo,
§0¥21 ¥'0+6°0 80F9T 9°01°1 L0¥¢T L0FLT »[1AS9M J[qeIOTO A

q90F€T 9 T'T¥91 q8T1T+18 qQTI*LT q60+32 B LTIF8Y seIojdnua ST
€0F6°0 90+0'1 70+01 90%6°0 70+3't §0%6°0 28304 Hung
G'0+60 30¥80 90+0'1T 0'0FL0 LOFTT 90%6°0 (09270.490Y(7) $91399q JoqUINOND pojjodg
80¥9'T V09T 80F¥L g0F6T 0T+LT O (dds snppfieD) 19501
sy[eIs TN MBS ey MBIIS a8pas sowadg
uion spoom 1BIYM ssead aulg woo.g

snonpa( BpRULIDG

ro[d w gx1 1ad ‘o N ueop

"0661-686 T SuLMp 9318 SuLIIUIMIBAO SE Papiaoid [eLiayeul jueld Jo sadA) JusIaFp 9 ut punoj spodoyiae (2107 pue spesui snofeqdofyg g ATIV.L



Roach: Overwintering sites 553

Reduviids were found in low numbers in all materials in 1989-90 while nabids were more
frequently collected than in the previous year. The nabid genera Reduviolus and Hop-
listoceles were more frequently collected in 1989-90 and were responsible for the increases
shown in Table 5.

Photophagous insects and total arthropods found in the various plant materials are
shown in Table 6. Low numbers of pest insects were present in all the plant materials,
just as in 1987-88. Most of the stink bug species collected are usually not serious crop
pests (Mormidea spp.; Thyanta spp.) and the miscellaneous hemipteran species such as
Pachybrachia and Ischnodemus are largely unknown as pests of agricultural crops. The
vegetable weevil (Listroderes costerostris obliquus Klug) is a serious pest of many field
crops and was relatively evenly distributed among the overwintering habitats and oc-
curred in fairly low numbers.

Total arthropod numbers found in the various plant material plots were also similar
to those found in 1987-88, except in magnitude. Overall, more arthropods were found
in the broomsedge than any material except pine straw, while corn stalks and leaf litter
remained low in numbers similar to the first year of the study.

The inability of the small plots of plant materials to attract many of the major
predaceous or phytophagous species could be due to a number of factors, such as proxim-
ity to the much more expansive woodlands that satisfy climatic preferences such as
shading, moisture level, and depth of the soil humus layers, all of which moderate
weather changes. Coccinellid species that aggregated, such as H. convergens and C.
maculata may exhibit hypsotaxis as well as chemotaxis which attracts them to more
specific microhabitats such as the unshaded broomsedge clumps or isolated trees with
thick layers of soil humus. In areas with limited woodlands or uncultivated areas, plots
or strips of various decomposing plant materials could be more attractive to a wider
range of arthropods. Some of the coccinellids, however, are apparently aided in overwin-
tering by the presence of thick broomsedge clumps in open areas in the coast plain of
South Carolina.
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